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PRESSURE DISTRIBUTIONS AND FORCE TESIS
OF AN NACA 65-210 AIRFOIL SECTION
WITH A 50~TERCENIT-CHORD FLA®

By Milton M. Klein .
CUMMATY

Pressure distributions and force measwements were made in
the Lanrley twosdimensional low~turbulence ressure tunnel ab
low Mach muwbers and high Reynolds numbers of an HACA 65-210 airfoll -
equipped with a 50~-percent-chord plain flas. The tests rere
carried out for flap deflections of 0°, 4°, 7°, and 10°. The data
showed that these flap deflections ]_Jroviried considersbly reduced
drag ccefficlents at 1ift coefficlents gbove the dealgn roange ofF
the plein airfoil. The variations of meximum 1ift, minimum drag,
and pitching moment at minimum drasg with flap deflection were
newrly linear, within the range of Tlay deflectlioms teated. The
meagured increments of the pitching moment and of the angle of gzero
1ift resulting from f£flay deflection compared se:bimactorily with .
those celculated from thin-eirfoil theory. S

INTRCIDUCTION ‘ —

Force coefficilenbts and chordwise wressure dlstributions
obtalned in high Reynolds number end low Mach mmber tests of an
FACA 65-210 eirfoll equipped with a 50-percent-~chord flap are
mregented. The original nurpose of the work was bto investigate
the following two problems: T -

(1) The possibility of increasing the critical liech numbers
of thin airfoils at 1lift coefficlents ebove the design range by

Jroviding increased camber through the deflection of a large- chord.
fla,_p- . -

(2) The possibility that varlable cember obtalned by flap
deflectlon would pesmit the attaimment of low diregs at 1ifb
coefficlents above the normal alrioil design renge. S
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In view of the rapid dscresoe of the cxilticel Mech mumbers
of thin airfoils outslde the desigm range, which 1s predicted in
the suyvlementary figuros of reference 1, it appeavs Impoitent
to investigate the possibllity of lncrecsing the critical Mach
numbers of thin airfoils at 1lift coefficlents shove the design
range. Recent high-speed work (unpublished data from Ames
Aeronautical Leboratory) hes indicated, however, that above the
design 11ft range low-szeed data do nov suffice to -ermit prediction
of the Mach number at which criticel compressibility effects occur.

Accardingly, the significance of tho first problem apoears
at present to be somewhat uwncertaln. The measiwed wessure distri-
butlons and theilr coivelation wlth thin~airfoll theory, however,
appear of considex'able interest; the dreg reswlis are alsc of
interest with regard to the attairment of low drags at 1iit
coefficlents above the design range of +the plain alxrfoil.

The testes weiré made in the Langley two-dimensional low-
turbulence pressure btummsel.

SYMBOLS

c airfoll chord
ca section drag coefficient
Cq - section 1ift coefficlent
g, . section pitching-moment coefficlent about aerodynemic center

cmc/h gectlon pltching-moment coefficient about querter-chord point

H, free-gbreoam total pressure
Moy critical Mach number

D local static pressure

£ free-gtream dynemlc pressuve

R Reynolds numbex
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B, -p
S pressure coefficient ( 9 )
Q4

X distance along chord measured fiom leading elge

distence perpendicular to chord line mesaswreé from chord line

oy section angle of attack
m."o angle of zero 1ift

Be flap deflection
Subscripta:

mex meximvm

min minimum
MOIELS AND TESTS

The nodels used in the present tests were made of mahogany
laminated in the spanwise direction. Four models, each having a
chord of 24 inches, were made wlth flap deflections of 0°, ° s T°,
and 10°. The flap deflections were obtained by rotating the reer-
ward half of the airfoil shout the point on the lower surface &t
the 50~percent chordwise position. Ordinates for the undeflected
girfoil are given in table I, and the method of deflection 1s shown
in the sgketch above the table. The method of testing wes the same
as thet described in reference 1 for 2-foob-chord models in the
Langley two-dimensional low-turbulence pressure tunnel.

Lift, drag, and pitching moment were o'btaine% for the flap-
neutral condition at Reynolds mumbers of 3.0 X 100, 6.0 x 105,

and 9.0 X 106 and. for the various flap deflections at a Reynolds

mumber of 6.0 x 106. ITift and drag with stenderd roughness epplied
to the leading edge were obtained for flap deflections of 00, 49,

and 7° at & Reynolds mumber of 6.0 X 106. Pressure distributions
were obtained for all the flap deflections &b a Reynolds number

of 6.0 X 106 for a range of angle of attack from moderate negative
values to beyond the positive stall. The highest Mach mumber
encountered during the tests was less than 0.15.
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Corrections for the eifects of wind-tunnel wall interforence
upon the angle of attack snd tihie eserodynamlc ccelficients weic
made by the methods desciibed in the appendix of rerfersmcs 1. The
magnitude of the correctlons wes of the order of only a few parcent.

RESULTES AND DISCUCSION

The 1ift, drag, end pitcliung-moment cheracteristics for flap
deflections of 09, kO 5 T°; and 10° of the NACA 65-2:0 alrfell
section are p..esented. in Pigmes 1 to b, respectively. The
corresnonding presaure distributions are shown in figures  to 8.
The prossure distributions for the various flap deflections, as
expected, show pesks on the unper and lower surfaces ueér the
S0-percont chordwise pocition whers the direction of the surfece
chenges rapldly. The 1ift coefficlents ab which a pressure peak
fivst appears abt the nosce are incresped by flap defrection.

Tho variations with flap deflectlion of scction meaximum 1ift
coefficlent, section minimm drag coefrliclent, and section pitching-
mogeny coefficient at minimum drzg are eshown in figure 9 rox a
Reynolds numter of 6.0 X < 100, The varistions of these cocfficlents
with flap deflection are nearly lineer. A flap deflechtion of 10° -
increases the maximum lift coefficilent firam 1.33 to 1.59, increases
the minimm drag coefficient fram 0.0038 to 0.000€, and negatively
increases the pitching-nioment cosfficilent from -0.035 to -0.122.

Ag has alieedy hoen implied, tlie critical Mach number that l1s
obtained firam low-gpeed presowre dlebtrlbutions does not defirs the
break in the curve of 1ift coefficiont zgalnst Mech number for a
glven angle of ettack. Actvally, outelde the design renge the
breek may occur at Mach numbers conslderably higher then the
predicted critical Mach number (as shovn by unpublighed data from
Ames Aeronauticsal Labvoratory}. Ior the sulze of campletcness, however,

curves or predicted crltlcal Mech number apainst low-svesd sectlion
1ift coelffTiclent (computed ty mewas of the critical Mach number
chart of reference 1, p. S83) are prescnted in figure 10. The
envelope curve, also drawn 3n figure 10, shows that the smell flap
deilections provide large increapes in the predicted critical
Mach numbers at moderately high 1ift coefficients.

The drag curves of figures 1 to & for & Reynolds muwmber of

6.0 X 106 ars plotted togethar in figuro 11 along with thelr erveloge.
Flegwre 11 shews the lowest drag coefficlents obtalnavle for the
flepped alrfoil as a funcvion of 1lift coefflcient. The highest 11ft
coefficient for which a ldw drag coefficient was obtained was 0.76
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at 5p = 10°. The corresponding drag coefficient » 0.0059, wes much
less than that of the plain airfoil at the same 1ift coefficlent bub

wes appreclably higher than the drag coefilicients measured on
alrfolls designed for the higher 1lift range.

In order to check the validity of thin-alrfoil theory for large-
chord flaps, & comparison is presented in the following teble of the
experimental and calculated increments, due to flap deflection, of
the angle of zero lift end the pltching moment about the quarter

chiord point:

By C#lculated | ExwerimentallCalculabted|Experimental
(2eq) g Hg Eomopy | Somopy
(aeg) (deg)
ll' 3028 2. 90 ~0. 035 ~0. Oll-O
7 573 5.90 ~. 061 ~. 067
10 8.17 7.90 -, 087 -.087 .

The calculated values in thie teble were obtained by the method of
reference 2. The table indicetes that forr & large-chord flap

reasonsbly accuirate valves of the engle of zeio 11ft and of the '
pitching-moment coefficient may be obtained fram thin-airfoil theory.

CONCLUSIONS

Pressure distributions and force measuvements at low Mach numbers
and high Reynolds numbers on en NACA 65-210 eirfoil with a S50-percent-
chord flap deflected 0°, 4°, 7°, and 10° indicated the following
conclusions:

(1) Considerable reduction of the drag cosfficients above the
low~drag range of the plein ailrfoll msy be offected 'by uge of small
deflections of a large-chord flap.

(2) The veriations of maximum 1lift, minlmm drag, end pitching

moment at minimm drag with flap deflection were nearly linear within

the range of flap deflections teosted.
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(2) Reasonably accurate valves of the angle of zeio 1ift and
the pitching-moment coefficient for airfolls with large-chord
flaps mey be obtained fram thin-alrfoil theary. - :

Langley Memorilal Aeronautical Laboratory
National Advisory Cammittee ior Aewcnavtics
Langley Field, Va., July 8, 19k6
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\

ORDINATES FOR THE
NACA 65-210 AIRFOIL SECTION, &p =0

Hinge axis

o -

[stations and ordinates given in .
percent of airfoil chord

Upper Surface Lower Surface
Station [Ordinate |Stetlion |Ordinate
°L3 819 | o565 | =.719

%Zg 999 82 | I 5%
1.108 1.27% 1.331 | -1.059
2.18; 1.757 2.592 -:L.g 5
L.898 z.uzl 5.102 | -1.859%
7«34 3.069 606 | =2.221

.85 Z.ss 10.206 | -2.521
12.899 .3 15,101 | =2.992
1 ggi Lé%gg go 091 -2.2)36
233936 2:93% | 5008 | 378

«951 292& 5,049 | -3.894

.968 .0 g 0.032 | =3, ég

B35 | 5553 | 8:556 | 3709
Gol | 2y | B | e
65.0 .712 2& 9ZE -2:63'%
76.003 .128 69.957 | -2.1

S-g}g 3.479 Th.95 -1.689

0. 2,783 gﬁ ~1.191
83‘828 2:3%0 | 8 '3 > '31%
8305 | M5k | op:dks | iodd
100.000 o 100.000
L.E. radiuss 0.687
Slope of radius through L.E.: 0,084
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Deflected flap
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